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[57] ABSTRACT

A leg assembly with special floor attachment fittings for
mounting passenger seats in transport aircraft is dis-
closed as being especially configured to absorb energy
resulting from a survivable crash or other cause of sud-
den deceleration, for increased passenger safety. The
leg assembly includes a special base member having
improved load distribution characteristics and legs
which are attached to the base member and the seat in
a way which allows the seat and legs to move to a
forwardly stroked position in the event of inertial load-
ing in excess of the value required to operate an energy
absorbing mechanism that is provided on the leg assem-
bly. The special floor attachment fittings are configured
to absorb forces applied in various directions to mini-
mize fitting failures and the changes of the seat being
torn loose from the floor.

23 Claims, 3 Drawing Sheets
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ENERGY-ABSORBING LEG ASSEMBLY FOR
~ AIRCRAFT PASSENGER SEATS

BACKGROUND OF THE INVENTION

1. Field of the Invention |

This invention relates in general to transport aircraft
passenger seats and more particularly to an energy-
absorbing leg assembly for such seats and including
special fittings for attaching the leg assembly to the
floor of the aircraft.

2. Description of the Prior Art

In recent years, considerable review, study and eval-
uation of transport aircraft accident data has been made
in attempts to define areas where possible improve-
ments in passenger safety could be achieved ontrans-
port airplanes in survivable accidents. It has been found

with few exceptions, that aircraft manufactured in ac-
cordance with current aircraft standards and regula-
tions provide adequate protection for the occupants. In
survivable accidents, an airplane structure will remain
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The attachment fittings which are employed for cou-
pling the leg structures of the prior art passenger seat
assemblies to the channel-like floor rails of the aircraft
will, for the most part, react well to some of the types of
loads which can be expected to occur in survivable
accidents, but react poorly to others.

The attachment fittings commonly used for coupling
the front legs of the prior art seat assemblies to the floor
rails each include a threaded stud by which they are
attached in a depending attitude from the bottom of the
front legs. A circular disc is formed integrally on the
lower end of the stud for placement within inverted
T-slot channels of the floor rail in a position below an
opposed pair of inwardly extending flanges of the floor
rail. A lock nut is carried on the threaded stud for an-
choring the disc, and thus the entire fitting, in place in

- the floor rail. The lock nut in addition to its anchoring

20

substantially intact and provide a livable volume for the .

occupants throughout the impact sequence. However,
among other things, some incidents of undesirable seat
performances were found and they usually related to
cabin floor displacement and excessive lateral inertial
loads. Although injuries and fatalities seem to be de-
creasing in the more recent survivable crashes, seat
performance continues to be a factor in such crashes
with seat failures ranging from seat pan collapse to
complete breakaway of the seat assembly from the
floor.,

Existing transport aircraft seat assemblies include
relatively rigid leg structures, with the leg structure
configuration varying from one manufacturer to an-
other, and in most cases, the leg structures are attached
by floor attachment fittings to elongated channel-like
- rails that are mounted in the floor of the aircraft so as to

extend longttudinally of the fuselage.

It has been found that most of the prior art passenger

seat assemblies are strong enough to withstand many of
the types of loads to which they may be subjected in
cases of survivable crashes or other causes of sudden
deceleration such as could occur in emergency land-
ings. More specifically, most prior art seat assemblies
are capable of withstanding the upward, downward,
forward and backward loads to which they may be
subjected in survivable crashes, but it has been found
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that they fail when subjected to minimal amounts of 50

~ sideward loading and they fail catastrophically when
subjected to relatively light loads resultmg from floor
warpage.

Prior art transport aircraft passenger seat assemblies
are prone to failures of the types discussed above in that
the seat assemblies per se have poor load distribution

33

characteristics and have very little energy-absorbing
deformation capabilities due to such things as the tor-

sional rigidity of the seat pan structure and due to the
fasteners and attachment fittings which often fail prior

to any significant energy-absorbing deformation of the
major structural components of the seat assembly. As a
result of such shortcomings, the occupants of the prior
art passenger seat assemblies are often subjected to load
forces which should ideally be absorbed by seat defor-
mation in survivable crashes and the seat assemblies are
- often torn loose from the floor which must be prevented
to improve passenger safety.
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function, serves as an anti-rattling device. From this it
will be seen that the commonly used front leg attach-
ment fittings will react well to loads which are perpen-
dicular to the floor but fail to adequately react to for-
ward, backward and sideward loads and further, make
no provisions for reacting to floor deformation such as-
a rolling deformation around the aircraft’s roll or pitch
axes.

The attachment fittings most commonly used to at-
tach the rear legs of the prior art seat assemblies to the
floor rails each includes spaced apart pairs usually two,
of oppositely extending feet which are located in the
floor rail below the inwardly extending flanges thereof.
The feet, and thus the entire fittings, are anchored in
place by a mechanism that is commonly referred to as a
“shear lock™. Although the “shear locks” of these prior
art fittings will differ somewhat from one manufacturer
to another, they all function to prevent the fitting from -
sliding relative to the length of the floor rail and also
serve as anti-rattlers. By preventing such sliding move-
ment, the rear leg attachment fittings are anchored
against being perpendicularly pulled away from the
floor rails and thus react well to perpendicular loads.
They also react well to forward and rearward loads due
to their being held against sliding movements by the

-shear locks. These rear leg attachment fittings are pro-

vided with a rigid generally upstanding flange which is
coupled to a mating flange provided on the lower end of
the rear leg of the seat assembly by a bolt which is
disposed so that the axis of its shank is parailel to the
pitch axis of the aircraft. Thus such fittings react well to
floor deformation in the form of a rolling warpage
about the pitch axis of the aircraft in that the seat assem-
bly can roll with the floor by rotation about the axis of
the shank of the bolt which attaches the fitting to the
rear leg. However, due to the rigid nature of the up-
standing flange by which these rear leg attachment
fittings are coupled to the legs, the fittings, for the most
part, do not react well to floor deformation in the form
of a rolling motion about the roll axis of the aircraft. In
fact, when such floor deformation occurs, the rear leg
attachment fittings will most often elther break or be
torn out of the floor rails. ~

One manufacturer of rear leg attachment fittings has
recognized this problem and has devised a special fitting
wherein the upstanding flange which is used to attach
the fitting to the rear leg, is provided with a ball joint in
which the shank of the mounting boit is disposed. In this
way, the fitting will react well to floor warpage in the
form of rolling deformation about both the pitch and
roll axes of the aircraft. While this prior art fitting is a
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considerable improvement from a passenger safety
standpoint, it is also considerably more expensive.

In view of the above, it will be apparent that a need
exists for a new and improved energy-absorbing leg
assembly and floor attachment fittings for use with
transport aircraft passenger seats which overcomes
some of the problems and shortcomings of the prior art.

SUMMARY OF THE INVENTION

In accordance with the present invention, a new and
improved energy-absorbing leg assembly with special
floor attachment fittings is disclosed for use with trans-
port aircraft passenger seats for eliminating, or at least
reducing, the occurrence of passenger seat failures in
survivable crashes or other causes of sudden decelera-
tion such as emergency landings and the like.

As 1s well known in the art, transport aircraft passen-
ger seats are rarely if ever provided as single separate
seats, but instead are usually provided in side-by-side
pairs, or groupings of three or more. Thus, a single leg
assembly as described herein will include a single front
leg and a single back leg but will always be used in
conjunction with at least one additional and identical
leg assembly.

The leg assembly of the present invention includes a
base member in the preferred form of a truss of A-frame
configuration for improved load distribution purposes,
and having a front end, a rear end and an elevated apex.
The seat assembly has a front leg the lower end of
which is pivotably connected to the front end of the
base member with its upper end being pivotably cou-
pled to the seat pan frame proximate the front edge of
the seat pan. A rear leg is provided which has its lower
end pivotably coupled to the apex of the base member
and has 1ts upper end pivotably connected to the seat
pan support frame proximate the rear edge of the seat
pan. The pivot axes of the upper and lower ends of both
the front and back legs are all parallel with respect to
each other and with respect to the pitch axis of the
aircraft. When in a normal position, the entire seat as-
sembly will be supported in a normal substantially up-
right attitude above the base member and when a sud-
den impact occurs, the entire seat assembly will pivot
forwardly and downwardly to what may be defined as
a stroked position. The leg assembly is yieldably held in
its upright normal position by an energy absorber means
which is mounted so as to extend between the apex of
the base member and the upper end of the front leg. The
energy absorber means is normally in a retracted state
and will move to an extended state in response to the
expenditure of energy above a predetermined magni-
tude which is exerted in a direction that will tend to pull
the opposite ends of the energy absorber means apart.

In the event of a crash or other cause of sudden decel-
eration, the inertial load of the seat and the occupant
will be transferred in a manner whereby the seat assem-
bly will tend to pivotably move from its normal to its
stroked position and in doing so, the energy exerted by
the inertial load will be attenuated by the energy ab-
sorber means as it moves from its retracted to its ex-
tended state. This not only reduces the load that is
placed on the seats occupant, but it also reduces the load
placed on the seat assembly and on the floor thereby
decreasing the chances of the seat assembly being torn
loose from the floor.

The floor attachment fittings by which the base mem-
ber 1s coupled to the conventional floor rails of the
aircraft are similar to the prior art attachment fittings so
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4

as to take advantage of their favorable reaction to many

of the types of loads that can be exerted thereon in
survivable accidents such as the forces exerted by loads
that are perpendicular to the floor, forward and back-
ward loads and the like. However, the fittings of the
present invention are especially configured in a manner
which differs from the prior art fittings to improve their
reaction to the forces exerted thereon by floor deforma-
tion.

A cylindrical dowel is mounted at the front end of the
base member so that it lies in a plane which is above and
parallel to the floor and has its longitudinal axis parallel
to the floor rail. The front attachment fitting has a
threaded stud which is mounted in an internally
threaded bore formed transversely in the dowel so that
front fitting depends from the dowel. A circular disc is
integrally carried on the lower end of the threaded stud
for placement within the inverted T-slot of the floor rail
and a lock nut is threadingly carried on the stud for
anchoring the attachment fitting to the floor rail. In the
event of floor deformation of the type wherein the floor
rolls about the roll axis of the aircraft, a shear pin,
which normally holds the dowel against rotation about
its longitudinal axis, will be broken so that the forces
which would otherwise be exerted on the fitting, i.e.
sideward load, which could cause it either to fail or be
torn loose from the floor rail, will merely cause rotation
of the dowel about its longitudinal axis. In the event of
floor deformation of the type wherein the floor rolls
about the aircraft’s pitch axis, the forces exerted by this
type of floor warpage on the front attachment fitting
will be at least partially attenuated by rolling of the
entire base member with the floor with such movement
being permitted by the pivot connection of the legs to
the base member and a pivot connection of the rear
attachment fitting to the base member as will be de-
scribed below.

The rear attachment fitting which is used to couple
the rear end of the base member to the floor rail in-
cludes a fitting body having at least two spaced apart
pair of oppositely extending feet for placement within
the inverted T-slot of the floor rail. A “shear lock”
device is mounted on the fitting body to anchor the
fitting in the floor rail, prevent it from sliding longitudi-
nally in the floor rail, and to serve as an anti-rattle de-
vice. A generally upstanding flange is integral with the
rear fitting body and has an opening formed there-
through for receiving a bolt which attaches the fitting
to a mating flange provided at the rear end of the base
member. The longitudinal axis of the bolt is parallel
with respect to the pitch axis of the aircraft which al-
lows the base member and the rear fitting to be pivota-
bly moved relative to each other about the bolts axis in
reaction to floor warpage in the form of rolling distor-
tion about the aircraft’s pitch axis. The fitting body is
formed of a ductile metal and the upstanding flange is of
thin cross section which is capable of withstanding the
inertial loads but will bend and/or twist in response to
forces resulting from floor deformation such as a rolling
floor warpage about the roll axis of the aircraft.

Accordingly, it is an object of the present invention
to provide a new and improved energy-absorbing leg
assembly for transport aircraft passenger seats which
reduces the chances for passenger injury resulting from
seat fatlures due to survivable crashes or other causes of
sudden deceleration.

Another object of the present invention is to provide
a new and improved energy-absorbing leg assembly for
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transport aircraft passenger seats which includes a spe-
cial base assembly that interacts with a special leg at-
tachment arrangement for optimizing load distribution.

Another object of the present invention is to provide
a leg assembly of the above described character
wherein the legs are attached to the base member and to
the seat frame in a manner which allows the seat assem-
bly to move from a normal position to a forwardly and
downwardly stroked position in a response to inertial
loads above a predetermined value. An energy-absorb-
ing means is provided to hold the seat assembly in its
normal position m the absence of inertial loads above

10

6

18 by which the seat assembly 10 is demountably cou-
pled to the floor rails 20 which are customarily pro-
vided in the floor 21 of passenger transport aircraft.

As i1s well known in the art, atrcraft passenger seats
are rarely if ever provided as single separate seats, but
instead are usually formed in side-by-side pairs of seats,
or in groupings of three or more. Therefore, the individ-
ual leg assemblies 14 are usually used in groups of two
Oor more, as requtred to properly support the various
seat groupings.

As seen best in FIG. 2, the leg assembly 14 includes a

~ base member 22 in the preferred form of an A-frame, i.e.

the predetermined value and for attenuating the forces

exerted by inertial forces above that value when the seat
assembly moves to its stroked position.

Another object of the present invention is to prowde
a new and improved energy-absorbing leg assembly
which includes special attachment fittings for coupling
the leg assembly to the floor rails of an aircraft with the
attachment fittings being configured to absorb energy
resulting from floor deformation.

Still another object of the present invention is to
- provide a new and improved fitting for securing various
articles to the floor rails of an aircraft with the fitting
being configured to absorb energy resulting from floor
deformation for maintaining secured attachment of the
articles.

The foregoing and other objects of the present inven-
tion as well as the invention itself may be more fully
understood from the following description when read in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a typical aircraft
passenger seat which i1s provided with an identical pair
of the energy-absorbing leg assemblies of the present
invention with the leg assemblies including special fit-
tings for attachment to the floor rails of the aircraf.
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FI1G. 2 i1s an enlarged fragmentary sectional view '

taken along the line 22 of FIG. 1.

FI1G. 3 1s an enlarged fragmentary sectional view
taken along the line 3—3 of FIG. 2.

FIG. 4 1s an enlarged fragmentary sectional view
taken along the line 4—4 of FIG. 3.

FI1G. § is an enlarged fragmentary sectional view
taken along the line 5—5 of FIG. 2.

FIG. 6 is an enlarged fragmentary sectional view
taken along the line 6—6 of FIG. 2.

FIG. 7 1s an exploded perspective view, of an espe-
cially configured attachment fitting and showing its
mounting relationship with respect to a conventional
floor rail of an aircraft.

FIG. 8 is an enlarged fragmentary sectional view .

taken along the line 8—8 of FIG. 6.
FIG. 9 is an enlarged fragmentary sectional view
taken along the line 9—9 of FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring more particularly to the drawings, FIG. 1

shows a transport aircraft passenger seat assembly 10
which includes a typical upper seat portion 12 that is
shown as being provided with an identical pair of leg
assemblies of the present invention with each leg assem-
bly being identified in its entirety by the reference nu-
meral 14. As will hereinafter be described in detail, each
of the leg assemblies 14 are provided with a special
front attachment fitting 16 and a rear attachment fitting
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triangular, truss for load distribution purposes. The base
member 22 includes a front beam 24, floor beam 26 and
back beam 28 which cooperatively form the desired
A-frame configuration. The front beam 24 is disposed to
lie in a rearwardly and upwardly sloping attitude with
its forwardly disposed end integrally joined with the
front end of the floor beam 26 to form an enlarged body
portion 30 with a planar upstanding lug 32. The back
beam 28 is disposed to lie in a rearwardly and down-
wardly sloping attitude with the forward end integrally
joined to the back end of the front beam to form the
apex of the base member 22 which is in the form of a
clevis 34, hereinafter referred to as the apex clevis 34.
The back end of the floor beam 26 is integrally joined to
the back end of the back beam 28 with a rear clevis 36
formed at that junction. |

The leg assembly 14 further includes a front leg 38
which is provided with a clevis 40 on its lower end with
a suitable bolt and nut arrangement 42 being used to
mount the lower end of the front leg 38 to the upstand-
ing lug 32 on the front end of the base member 22. As
shown best in FIG. 3, the shank 43 of the bolt of the
bolt-nut arrangement 42 defines an axis 44 about which
the front leg 38 is pivotably movable for reasons which
will hereinafter be described. The upper end of the front
leg 38 is provided with an arcuate saddle 46 in which
the front seat-frame tube 47 of the upper seat portion 12
1s supported. A metal strap 48 is attached to the upper
end of the front leg 38, such as by means of the illus-
trated bolt-nut arrangement 49 and screw 50, so as to be
looped over the front seat-frame tube 47. In this way,
the upper end of the front leg 38 is securely attached to
the front seat-frame tube 47 and is pivotably movable
about the longitudinal axis 52 of the front seat-frame
tube 47.

A rear leg 54 1s provided with a clevis 56 on its lower
end and a bolt-nut arrangement 58 is employed to strad-
dlingly mount the rear leg clevis 56 on the apex clevis
34 of the base member 22. As shown best in FIG. 5, the
shank 60 of the bolt of the bolt-nut arrangement 58
defines an axis 62 about which the rear leg is pivotably
movable. In a manner similar to the front leg 38, the
upper end of the rear leg is provided with an arcuate
saddle 64 in which the rear seat-frame tube 66 of the
upper seat portion 12 is supported. A metal strap 68,
which is attached to the upper end of the rear leg 54 by
the illustrated bolt-nut arrangement 69 and screw 70, is
looped over the rear seat-frame tube 66. In this manner,
the upper end of the rear leg 54 is securely attached to
the rear seat-frame tube 66 and is pivotably movable
about the longitudinal axis 72 of the rear seat-frame
tube.

The lower and upper pivot axes 44 and 52 of the front
leg 38 and the lower and upper axes 62 and 72 of the
rear leg 54 are all parallel with respect to each other and
are also parallel with respect to the pitch axis of an
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aircraft. To insure a clear understanding of this, the
pitch axis of an aircraft is transverse to the longitudinal
axis of the aircraft fuselage and the longitudinal axis of
the aircraft fuselage is referred to in the art as the roll
axis of the aircraft. As shown in solid lines in FIG. 2, the
leg assembly 14, and thus the entire seat assembly 10,
has a normal upright position and can be pivotably
moved to a stroked position which is shown in dashed
lines in the same figure. The purpose for such a seat
stroking capability is to absorb, or attenuate energy in
the event of a survivable crash or other cause of sudden
deceleration as will hereinafter be described in detail.

The leg assembly 14 further includes an energy ab-
sorber means 74. Energy absorbing, or load limiting
mechanisms as they are sometimes referred to in the art,
are well known and are commercially available. Such
mechanisms operate in various ways for absorbing com-
pression and/or tension loads and, as will become ap-
parent, the energy absorber means 74 shown in the
accompanying drawings is the type which absorbs ten-
sion loads, and has a high resistance to rebounding
forces. In otherwords, the energy absorber means 74
has a normalily retracted, or unstroked, position which
is shown in solid lines in FIG. 2, and will move to an
extended, or stroked, position which is shown in dashed
lines in the same figure, when a tension load above a
predetermined value is applied thereto. A suitable en-
ergy absorber 1s commercially available as part number
102239 from Simula Inc., 10016 South 51st Street, Phoe-
nix, Arizona 85044.

In the preferred embodiment, the energy absorber
means 74 1s mounted so as to extend between the apex
clevis 34 of the base member 22 and the rearwardly
extending clevis 76 formed integrally with the front leg
38 proximate its upper end. As shown in FIG. 5, a swiv-
el-jomt type eye bolt 78, which extends axially from one
end of the energy absorber’s cylindrical body 80, is
attached to the shank 60 of the bolt-nut arrangement 58
SO as to be carried in the apex clevis 34 of the base
member 22 for pivotable movement about the axis 62
defined by the bolt of the bolt-nut arrangement 58. A
stmilar swivel-joint type eye bolt 82 which extends
axially from the opposite end of the cylindrical body 80
1s mounted in the clevis 76 at the upper end of the front
leg by means of a suitable bolt-nut arrangement 84 for
pivotable movement about the axis 86 defined thereby.

While the above described energy absorber 74 and its
particular mounting arrangement constitute the pre-
ferred embodiment, a compression type energy ab-
sorber and different mounting arrangement (not shown)
could be employed to achieve the same results. For
example one end of a compression type energy ab-
sorber, as opposed to the tension-type absorber 74,
could be mounted between the upstanding flange 32 of
the base member 22 and the upper end of the rear leg 54.

In either case, the energy absorber 74 will hold the
leg assembly 14, and thus the entire seat assembly 10 in
its upright, or non-stroked, position during normal us-
age. However, if a survivable crash or other event
should cause a sudden deceleration of the aircraft, the
inertial load of the seat and the occupant will be trans-
ferred in a manner which will tend to move the seat
assembly 10, and of course the energy absorber 74, to
the stroked position. When, and if, this should occur the
inertial forces which would otherwise be exerted on the
occupant and on the seat assembly 10 will be reduced to
greatly increase the chances of occupant survival and

10

15

20

25

30

35

45

30

35

65

8

significantly reduce the chances of the seat assembly
being torn away from the floor as a result of such forces.

As a result of the A-frame configuration of the base
member 22 which produces a substantially even load
distribution between the front and rear floor attachment
points, and the inertial force attenuation provided by
the seat and energy absorber stroking capability, several
other benefits are achieved. Since the loads applied to
the seat assembly as a result of a survivable crash or the
like will be significantly reduced, the various seat com-
ponents can be designed to begin deformation at lower
load factors than are possible with rigid, non-stroking
seats, and this allows lower seat weight. Also, since the
forces applied to the floor attachment points will be
reduced, the spacing between the front and back legs
can be reduced to increase the passenger carrying ca-
pacity of the aircraft and possibly accomplish this with
improved passenger ingress and egress.

Before proceeding with the detailed descriptions of
the front and rear floor attachment fittings 16 and 18, it
is believed that a brief description of the floor rails 20
that are usually provided in transport passenger aircraft
will facilitate the understanding of the fittings. As seen
best in FIG. 7, each of the floor rails 20 that are custom-
arily provided, are in the form of an elongated channel
member 88 having an upwardly opening slot 90 formed
therein which may be described as an inverted substan-
tially T-shaped in cross section slot. The slot 90 how-
ever, is not T-shaped along its entire length in that the
inwardly extending cofacing flanges which overlay the
slot are actually formed as an alternating array of arcu-
ate cutouts or recesses 91 between inwardly projecting
land areas, or ledges 92.

Reference is now made to FIGS. 2, 3 and 4 wherein
the front floor attachment fitting 16 and a special
mounting arrangement are best seen. The enlarged
body portion 30 formed at the front end of the base
member 22, is provided with a blind cylindrical bore 94
which opens forwardly of the base member 22. The
bore 94 1s disposed so that its longitudinal axis 96 is
coincident with the longitudinal dimension of the floor
beam 26 and the enlarged body 30 is notched as at 98 so
that the bore 94 opens downwardly immediately above
the floor rail 20. A cylindrical pin 100, or dowel, is
mounted in the blind bore 94 and the pin 100 is provided
with an internally threaded transverse bore 102 in
which the front floor attachment fitting 16 is mounted
50 as to depend from the dowel pin 100. The floor at-
tachment fitting 16 is a commonly used well known
fitting which is commercially available, such as from
the Ancra Corporation of El Segundo, California as
Part No. 43021. The fitting 16 includes a threaded shank
portion 104 with a disc shaped foot 106 at one end and
having a reduced diameter threaded stud 108 extending
axially from the other end. A lock nut 110 is threadingly
carried on the shank portion 104 of the attachment
fitting 16 and serves as an anti-rattler. Installation of the
front attachment fitting 16 in the floor rail 20 is accom-
plished by moving the disc-shaped foot 106 down-
wardly through an aligned pair of the arcuate recesses
91 of the rail so as to locate the foot 106 in the slot 90 of
the rail 20. Then the fitting 16 is moved longitudinally in
the rail 20 to bring the foot 106 underneath an aligned
pair of the inwardly extending land areas, or ledges 92.
The lock nut is then threadingly moved downwardly on
the threaded shank portion 104 into bearing engage-
ment with the top surface of the floor rail 20.



As shown best in FIG. 4, a shear pin 112 is mounted
SO as to pass transversely through the enlarged body

portion 30 of the base member 22 and transversely

through the dowel pin 100. The shear pin 112 holds the
dowel pin 100 against rotation about the longitudinal
axis 96 of the bore 94 in which it is mounted. In the
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20, which will automatically align the rear pair of feet
117 and 118 with an adjacent pair of the recesses 91, and
lowering the fitting body 114. This will place the ex-

- tending feet 115, 116, 117 and 118 in the bottom of the

event of a survivable crash or the like, which causes

floor deformation of the type wherein the floor 21 and-
/or the floor rail 20 rolis about the roll axis of the air-
craft, the shear pin 112 will be sheared to allow the
dowel pin 100 to rotate about the axis 96 thereby reduc-
ing the forces which would tend to tear the fitting 16

away from the floor 21 or alternatively cause failure of '

the fitting 16 or the part to which it is attached.

As seen best in FIG. 7, the rear floor attachment
fitting 18 includes a fitting body 114 having at least a
front pair of oppositely extending feet 115 and 116 and
a rear pair of oppositely extending feet 117 and 118. A
boss 120 is provided intermediate the two pair of feet
and 1s disposed so as to extend normally from the plane
in which the feet 115, 116, 117 and 118 lie, and an inter-
nally threaded bore 122 is formed axially in the boss 120

slot 90 of the rail 20 and the lowering movement is
followed by sliding the fitting body 114 longitudinally
of the rail so as to move the feet 115, 116, 117 and 118

- underneath different ones of the inwardly projecting
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ledges 92 of the floor rail 20. When the feet 115, 116,

117, and 118 are located under the ledges 92, an aligned
pair of the recesses 91 will be located between the feet
115, 116, 117, and 118, and the housing 132 of the lock-

ing mechanism 130 is then pushed downwardly so as to
move axially on the boss 120 of the fitting body 114
against the bias of the spring 148. In the down position
of the housing 132, the depending circular rim 140 of
the housing is located between the aligned recesses 91
that are disposed between the feet 115, 116, 117, and
118, and the shoulders 138 of the housing 132 will bear
downwardly on the upper surface of the floor rail 20.
The hold down bolt 150 is tightened, i.e. threaded

- downwardly to hold the locking mechanism 130 in the

so as to open upwardly of the boss. The fitting body 114 |

also 1s formed with a mounting lug or flange 124 which
lies in a plane that is normal with respect to the plane in
which the feet 115, 116, 117 and 118 lie and extends

25

integrally from the boss 120 in a direction which may be

described as extending forwardly and upwardly relative
to the fitting body 114. A substantially cylindrical en-
largement 126 is formed at the upper and forwardmost
end of the mounting flange 124 and a bore 128 is formed
to extend axially through the enlargement 126 in a di-
rection transverse to the plane of the mounting flange
124. |
In addition to the fitting body 114 described above,
the rear floor attachment fitting 18 includes a locking
mechanism 130 which locks the fitting 18 in the floor
track 20 and serves as an anti-rattling device. The lock-
ing mechanism 130 includes a housing 132 of generally
cylindrical configuration which is flared outwardly as
at 134 to provide a diametrically opposed pair of pads
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136 which define downwardly facing shoulders 138,
with a substantially circular rim 140 depending axially.

from between the shoulders. The housing 132 defines a
downwardly opening axial bore 142 and the housing is
cut away to provide an opening 144 laterally of the bore
142. The top end of the housing 132 is provided with an
opening 146 that opens axially into the bore 142 of the
housing. In addition to the housing 132, the locking
mechanism 130 also includes a biasing means 148 in the
tllustrated form of a compression spring, and a hold
down bolt 150.

The housing 132 of the locking mechanism 130 is
mounted on the fitting body 114 so that the boss 120 of
the fitting body is axially and loosely disposed in the
bore 142 of the housing as seen best in FIG. 9. The
compression spring 148 is interposed between the top of
the boss 120 and the inwardly facing surface of the top
of the housing so as to bias the housing to an axially
elevated position on the fitting body 114. The hold
down bolt 150 passes through the opening 146 of the
housing 132, axially through the spring 148 and is in

threaded engagement with the internally threaded bore

122 formed in the boss 120 of the fitting body 114.
Mounting of the rear floor attachment fitting 18 to
the floor rail 20 is accomplished by aligning the front
pair of feet 115 and 116 of the fitting body 114 with a
desired aligned pair of the arcuate recesses 91 of the rail
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down, or locking position. With the depending rim 140
located in the aligned arcuate recesses 91 of the floor
rail, the fitting body 114 is held fast against sliding
movement in the floor rail 20 and since the feet 115, 116,
117 and 118 are under the ledges 92, the fitting body
cannot be lifted out of the floor rail 20. Tightening of

the hold down bolt 150 will pull the fitting body 114

upwardly so that the feet 115, 116, 117 and 118 will
tightly bear against the undersides of the ledges 92, and
will pull the housing 132 down so that the shoulders 138
will tightly bear against the top surface of the floor rail
20, and this prevents rattling of the rear floor attach-
ment fitting 18 in the floor rail 20.

The above described rear floor attachment fitting 18
may be used to secure virtually anything to the floor 21
of an aircraft, such as cargo, and the fitting 18 is shown
best in FIGS. 2 and 6 as being employed to secure the
back end of the base member 22 of the leg assembly 14
to the floor rail 20. The rear clevis 36 of the base mem-
ber 22 is straddlingly positioned on the cylindrical en-
largement 126 of the mounting lug 124 of the fitting
body 114 and a suitable bolt-nut assembly 152 is passed
through the aligned openings provided in the tines 154
of the rear clevis 36 and through the bore 128 of the
enlargement 126 of the mounting lug 124. Therefore,
seat assembly 10 is free to rotate about the longitudinal
axis 156 of the bolt-nut assembly 152 and the floor at-
tachment fitting 18 is free to rotate about the same axis
to prevent or at least minimize the transmission of
forces between the leg assembly 14 and the fitting 18 as
a result of loads being applied that cause relative move-
ments about the pitch axis of the aircraft.

The fitting body 114, or at least the mounting lug 124
thereof, is formed of a ductile metal so that the mount-
ing lug 124 will bend and/or twist to prevent, or at least
minimize the transmission of forces between the leg
assembly 14 and the rear floor attachment fitting 18 as a
result of loads which cause relative movements about
the roll axis of the aircraft.

While the principles of the invention have now been
made clear in the illustrated embodiments, there will be
immediately obvious to those skilled in the art, many
modifications of structure, arrangements, proportions,
the elements, materials and components used in the
practice of the invention and otherwise, which are par-
ticularly adapted for specific environments and opera-
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tion requirements without departing from those princi-
ples. The appended claims are therefore intended to
cover and embrace any such modifications within the
limits only of the true spirit and scope of the invention.

What we claim is:

1. An energy absorbing leg assembly for attaching an
aircraft passenger seat to the floor of an aircraft to atten-
uate the forces affecting the passenger seat and its occu-
pant in the event of a crash or other cause of sudden
deceleration, said leg assembly comprising in combina-
tion:

(a) a base member to be attached to the floor of the
aircraft, said base member having a triangular con-
figuration defining a front end, a rear end and an
apex elevated relative to the front and rear ends
and disposed intermediate the front and rear ends,
said base member being in a plane perpendicular to
the floor of the aircraft when attached thereto:

(b) a front leg having a lower end pivotally connected
to the front end of said base member for pivotal
movement about an axis transverse to the plane of
said base member from a normal substantially up-
right position to a forwardly stroked position;

(c) a rear leg having a lower end pivotally connected
to the apex of said base member for pivotal move-
ment about an axis transverse to the plane of said
base member from a normal substantially upright
position to a forwardly stroked position;

(d) means disposed on each of said front rear legs for
pivotally attaching the aircraft passenger seat to
permit movement of the aircraft passenger seat
with said front and rear legs from the respective
normal substantially upright positions to the re-
spective forwardly stroked positions; and

(e) energy absorber means for holding said front and
rear legs and the aircraft passenger seat supported
in the respective normal substantially upright posi-
tions, said energy absorber means responding to
inertial loading above a predetermined magnitude
with an attenuating force as said front and rear legs
and the aircraft passenger seat move toward their
respective forwardly stroked positions.

2. An energy absorbing leg assembly as claimed in
claim 1 wherein the aircraft passenger seat includes a
tubular seat frame, said front leg including a first upper
end, said rear leg including a second upper end and
wherein said pivotally supporting means comprises:

(a) a first strap mounted upon said first upper end for
looped around positioning on the tubular frame to
allow relative pivotal movement about an axis
transverse to the plane of said base member: and

(b) a second strap mounted upon said second upper
end for looped around positioning on the tubular
frame to allow relative pivotal movement about an
axis transverse to the plane of said base member.

3. An energy absorbing leg assembly as claimed in
claim 1 further comprising:

(a) said front leg having an upper end; and

(b) means for connecting one end of said energy ab-
sorber means to the apex of said base member to
accommodate pivotal movement about an axis
transverse to the plane of said base member and
means for coupling an opposite end of said energy
absorber means to a location proximate the upper
end of said front to accommodate pivotal move-
ment about an axis transverse to the plane of said
base member.
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4. An energy absorbing leg assembly as claimed in
claim 3 wherein said energy absorber means comprises
a longitudinaily extensible mechanism having a re-
tracted state when said front and rear legs and the sup-
ported aircraft passenger seat are in their normal sub-
stantially upright positions.

5. An energy absorbing leg assembly as claimed in
claim 1 and comprising:

(a) a front floor fitting means mounted at the front
end of said base member and means for demount-
ably attaching said front floor fitting means to the
floor of the aircraft; and

(b) a rear floor fitting means mounted at the rear end
of said base member and means for demountably
attaching said rear floor fitting means to the floor
of the aircraft.

6. An energy absorbing leg assembly as claimed in

claim 1 and comprising:

(a) the front end of said base member including a
cylindrical bore lying in the plane of said base
member and having a longitudinal axis parallel
with the floor of the aircraft on attachment of said
base member to the floor, said base member includ-
ing a notch formed at the bottom front end in com-
munication with said bore;

(b) a cylindrical dowel pin rotatably mounted in said
bore along the longitudinal axis of said bore;

(c) means mounted at the front end of said base mem-
ber for holding said dowel pin against rotation in
said bore and for releasing said dowel pin upon
application of a load above a predetermined magni-
tude in a direction transverse to the plane of said
base member; and

(d) fitting means attached to said dowel pin and de-
pending therefrom through said notch for engaging
the floor of the aircraft.

7. An energy absorbing leg assembly as claimed in
claim 6 wherein said leg assembly is attachable to the
floor of the aircraft which floor is provided with an
elongated floor rail of generally inverted T-slot cross-
section, and wherein said fitting means comprises:

(a) a threaded shank having an upper end attached to

said dowel pin;

(b) a circular disc formed at the lower end of said
threaded shank for engaging the inverted T-slot of
the floor rail; and

(c) a locknut threadedly carried on said threaded
shank for bearing against the floor rail.

8. An energy absorbing leg assembly as claimed in
claim 1 wherein the floor of the aircraft includes an
elongated floor rail of generally inverted T-slot cross
sectional configuration, said leg assembly comprising a
rear floor attachment fitting pivotally coupled to the
rear end of said base member for pivotal rotation about
an axis transverse to the plane of said base member.

9. An energy absorbing leg assembly as claimed in
claim 8 wherein said rear floor attachment fitting com-
prises:

(a) a fitting body for disengagably engaging the floor

rail; and

(b) a mounting lug extending from said fitting body
for pivotally coupling the rear end of said base
member, said mounting lug being of relatively thin
configuration and being formed of a ductile metal
capable of bending and twisting deformation in
response to a load above a predetermined magni-
tude applied in a direction substantially transverse
to the plane of said base member.
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10. An energy absorbing leg assembly as claimed in
claim 9 wherein said fitting body is formed of ductile
metal to provide the capability of bending and twisting
movements in response to a component of the load
supplied in a direction which is predominantly coexten-
sive with at least one of the axes of the aircraft.

11. An energy absorbing leg assembly as claimed in

claim 1 including a fitting for attaching said base mem-
ber to the floor of the aircraft having pitch, roll and yaw
axis movement, which aircraft has at least one elon-
gated floor rail with an upwardly opening slot formed
longitudinally therein, which slot is overlayed by a pair
of inwardly extending spaced apart ﬂanges, each of
which flanges defines an alternating series of arcuate
recesses and mwardly pro_]ectmg ledges, said. fitting

comprising:
(a) a fitting body for attaching said base member to
the floor rail, said fitting body having at least two
pair of oppositely extending feet to be placed in the

14
14. A fitting as set forth in claim 12 wherein said
coupling means allows relative pivotal movement about
the pitch axis of the aircraft. |
15. A fitting as set forth in claim 11 wherein said
coupling means allows relative pivotal movement about

the pitch axis of the aircraft.

16. An energy absorbing leg assembly for attaching
an aircraft passenger seat to the floor of an aircraft to

attenuate the forces affecting the passenger seat and its

10

15

slot of the floor rail below adjacent transversely 20

aligned pairs of the ledges of the floor rail, said
pairs of feet being in spaced apart relationship to
locate an opposed pair of the arcuate recesses of
the floor rail between said pairs of feet when said
fitting body is attached to the floor rail;

(b) locking means mounted on said fitting body for

25

selective positioning into the space between an

opposed pair of arcuate recesses located between

sald pairs of feet; and

(c) a mounting lug extending from said fitting body
and including means for coupling said mounting
lug with said base member, said mounting lug being
formed of ductile metal and capable of bending and
twisting movements in response to a component of
the loads applied in a direction predominantly co-
extensive with at least one of the axes of the air-
craft.

12. A fitting as claimed in claim 11 comprising:

(a) said fitting body including a boss extending up-
wardly between said two pair of oppositely extend-
ing feet;

(b) said locking means including,

L. a housing having a downwardly opening bore for
loosely receiving said boss to accommodate
movement between upwardly and downwardly
disposed positions on said boss,

I1. a substantially circular rim disposed on the
lower end of said fitting body, said rim being
positioned in the space between the aligned pair
of arcuate recesses of the floor rail when said
fitting 1s attached to the floor rail and said hous-
ing 1S in the downwardly disposed position on
said boss,

IT1. biasing means mterposed between said boss and
said housing for urging said housing to the up-
wardly disposed position on said boss, and

IV. hold-down fastener means for selectively hold-
ing said housing in the downwardly disposed
position on said boss.

13. A fitting as claimed in claim 12 wherein said’

mounting lug extends from satd fitting body in a direc-
tion coincident with the longitudinal extension of the
floor rail to which it is to be attached, said mounting lug
having a bore formed transversely therethrough at a
location proximate the extending end of said mounting
lug, the axis of the bore forming a pivot axis parallel
with the pitch axis of the aircraft.
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occupant in the event of a crash or other cause of sud-
den deceleration, said leg assembly comprising:

(a) a base member of substantially triangular shape
defining a front end, a back end and an apex in
elevated relationship to said front and back ends
and disposed intermediate said front and back ends,
said base member lying in a plane perpendicular to
the floor of the aircraft when attached thereto;

(b) a front leg having a lower end attached to said
front end for pivoting about an axis transverse to
the plane of said base member in response to move-
ment of said front leg between a normal generally
upstanding position and a forwardly stroked posi-
tion;

(c) first means disposed on an upper end of said front
leg for pivotally attaching the passenger seat to
accommodate pivotal movement about an axis
transverse to the plane of said base member upon
movement of said front leg from the upstanding
position to the forwardly stroked position;

(d) a rear leg having a lower end attached to said apex
for pivoting about an axis transverse to the plane of
said base member in response to movement of said
rear leg between a normal generally upstanding
position and a forwardly stroked position;

(e) second means disposed on an upper end of said
rear leg for pivotally attaching the passenger seat
to accommodate pivotal movement about an axis
transverse to the plane of said base member upon
movement of said rear leg from the upstanding

- position to the forwardly stroked position; and

(f) energy absorber means mounted between said
apex and the upper end of said front leg for yielda-
bly holding said front and rear legs and the passen-
ger seat in the normal generally upstanding posi-
tion and for responding to inertial loading above a
predetermined magnitude with a force attenuating
motion when said front and rear legs and the pas-
senger seat are urged to their forwardly stroked
positions.

17. An energy absorbing leg assembly as claimed in
claim 16 wherein the aircraft passenger seat includes a
tubular seat frame and said first pivotally attaching
means comprises a strap for engaging the tubular seat
frame.

18. An energy absorbing leg assembly as claimed in

- claim 16 wherein the aircraft passenger seat includes a

tubular seat frame and said second pivotally attaching
means comprises a strap for engaging the tubular seat
frame.

19. An energy absorbing leg assembly as claimed in
claim 17 wherein said energy absorber means comprises
a longitudinally extensible mechanism for atténuating a
force urging extension, said mechanism being retracted
when said front and rear legs are in their normal sub-
stantially upright positions.

20. An energy absorbing leg assembly as claimed in
claim 16 and further comprising:
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(a) a front floor attachment fitting means mounted at
said front end of said base member for engaging the
tloor of the aircraft: and

(b) a rear floor attachment fitting means mounted at
said rear end of said base member for engaging the
floor of the aircraft.

21. An energy absorbing leg assembly as claimed in

claim 16 and further comprising:

(a) said base member including a cylindrical bore

formed at said front end and lying in the plane of 10

said base member and having a longitudinal axis
parallel with the floor of the aircraft when said base
member is attached thereto, said base member in-
cluding a downwardly oriented notch formed at its
front in communication with said bore:

(b) a cylindrical dowel pin mounted in said bore for
rotating about the longitudinal axis of said bore;
(c) means mounted at said front end of said base mem-
ber for holding said dowel pin against rotation in
said bore and for releasing said dowel pin to rotate
upon application of a load above a predetermined
magnitude in a direction transverse to the plane of

said base member; and
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(d) fitting means depending from said dowel pin
through said notch for disengagably engaging the
floor of the aircraft.

22. An energy absorbing leg assembly as claimed in
claim 21 wherein the floor of the aircraft is provided
with an elongated floor rail of generally inverted T-slot
cross-section, and wherein said fitting means comprises:

(a) a threaded shank having its upper end attached to
said dowel pin;

(b) a circular disc formed on the lower end of said
threaded shank for engaging the inverted T-slot of
the floor rail; and

(c) a locknut threadingly carried on said threaded
shank for bearing against the floor rail when said
disc 1s mounted within the floor rail.

23. An energy absorbing leg assembly as claimed in
claam 20 wherein said rear floor attachment fitting
means is formed of ductile metal to provide the capabil-
ity of bending and twisting movements in response to a
component of the load supplied in a direction which is
predominantly coextensive with at least one of the axes

of the aircraft.
* ¥ % * *
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